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Experimental Section Table S1 . Dipole moment and normalized polarity of common organic solvents. stopped by quenching in liquid N2 and exposed to air. The brown red solution was diluted with DMF and passed through an activated neutral alumina column to remove copper catalyst. The resulting solution was dried by rotary evaporation to remove excess 4VP monomer and solvent.
The resulting dark brown solid was re-dissolved in 2-propanol and precipitated in cold hexane, yielding a yellow-red powder. The products were further purified by repeating the dissolution/precipitation process using 2-propanol as a solvent and cold hexane as a precipitator until a white powder was obtained. This white product was dried over vacuum and stored in dark at 0C prior to the following chain extension reaction.
Synthesis of Star-Like Poly (4-vinlypyridine)-block-Poly (tert-butyl acylate) (i.e., Star-like

P4VP-b-PtBA) by ATRP Using Star-Like P4VP as Macroinitiators.
All chain extension reactions performed in an ampoule were conducted by using well-defined chlorine-terminated star-like P4VP synthesized above as macroinitiator. The solution consisting of tBA, star-like P4VP, CuCl, CuCl2, and Me6TREN (molar ratio=8000:10:10:1:11) in anhydrous DMF (1 mL tBA in 2 mL solvent) were degassed by three freeze-pump-thaw cycles in liquid N2 and then placed in oil bath preheated to 60°C for a desired time. The polymerization was quenched by immersing in liquid N2 and then exposed to air. The crude product was diluted with DMF and passed through a neutral activated alumina column to remove copper catalyst. The raw product was obtained by removing the excess tBA and solvent (DMF) by rotary evaporation. The resulting product was further purified by fractional precipitation using cold hexane as precipitator to remove residual tBA monomer and oligomer. The resulting white powder-like star-like PS-b-PtBA was dried at 40°C under vacuum to obtain pure star-like PS-b-PtBA. The final white product was stored at 0°C for the following chain extension reaction. Purified star-like PS-b-PtBA (0.5 g) was dissolved in anhydrous DMF (10 mL) and sonicated for the complete dissolution of star-like diblock copolymers in DMF. Sodium azide (the molar ratio of Cl in star-like PS-b-PtBA : sodium azide =1:100) was added to the reaction solution and kept stirring for 24 h at ambient temperature. After that, the original reaction solution was diluted with DMF. The product was obtained by precipitating in the mixture solution consisting of water/methanol at 0°C (the volume ratio of water to methanol = 1:1). This dissolution/precipitation process was repeated three times to remove the excess NaN3. The purified product was dried at ambient temperature under vacuum to remove any residual solvent and stored at 0°C prior to click reaction.
Synthesis of Alkyne-Terminated Polyethylene Oxide (PEO)
Briefly, 200 mL freshly dried THF and 15.4 g (120 mmol) naphthalene were added into 500 mL three-neck flask under argon protection. Freshly cleaned potassium (4.68 g, 120 mmol) was added into the mixture solution and kept stirring for 4 h, followed by addition of 22.2 g (132 mmol) diphenylmethane. The reaction temperature was gradually increased to the refluxing temperature for 36 h. The mixture solution was titrated with 0.1 M HCl and the final concentration of Diphenylmethylpotassium is 0.5 M.
Alkyne-terminated PEO was prepared by nucleophilic substitution of the hydroxyl group on poly (ethylene glycol) methyl ether (mPEO) into the alkyne group. Typically, 10 g poly(ethylene glycol) methyl ether (2 mmol) and 60 mL dry THF was added into 250 mL flask. The DPMK solution was introduced to the mixture solution above under the protection of argon at 0°C. The solution was kept stirring at this temperature for 1h before 10 mmol propargyl bromide was added using a syringe pump for 2 h. The reaction temperature was gradually increased to ambient temperature and allowed the reaction for 24 h. After that, the solution was removed by rotary evaporation and alkyne-terminated PEO was obtained by separation of the formed salts and precipitation in diethyl ether. The pure product was obtained by washing the raw product using diethyl ether twice, yielding a white powder like sample. star-like P4VP-b-PtBA-N3 was dissolved into 40 mL anhydrous DMF, followed by addition of 0.5 g alkyne terminated PEO and the system was purged by argon for 30 min before CuCl and Me6TREN (molar ratio=1:1.1:1:2) were added into the reaction solution. The dissolved oxygen was removed by three freeze-pump-thaw cycles in liquid N2 and then placed in oil bath preheated to 40°C for 24 h. After that, the crude product was diluted with 60 mL DMF and passed through a neutral activated alumina column to remove copper catalyst. The raw product was obtained by removing DMF by rotary evaporation and purified by washing with diethyl ether, yielding a white powder. The final product was dried under vacuum and stored at 0°C prior to perovskite nanoparticle (PNCs) synthesis. Chain extension reaction with St was similar to the synthesis of star-like P4VP-b-PtBA. Briefly, the solution containing St, star-like P4VP-b-PtBA, CuCl, CuCl2, and Me6TREN (molar ratio=8000:10:10:1:11) in anhydrous DMF (1 mL St in 2 mL solvent) were charged into an ampoule, degassed by three freeze-pump-thaw cycles in liquid N2 and then placed in oil bath preheated to 80°C for desired time. The polymerization was stopped by immersing in liquid N2 and then exposed to air. The crude product was diluted with DMF and passed through a neutral activated alumina column to remove copper catalyst. The raw product was obtained by removing the excess St and DMF by rotary evaporation. The resulting product was further purified by fractional precipitation using cold methanol/water (volume ratio = 1:1) as the precipitator and DMF as the solvent to remove residual St monomer and oligomer. The resulting white powderlike star-like PS-b-PtBA-b-PS was dried at 40°C under vacuum to yield a white powder-like sample. The final white product was stored at 0°C prior to the perovskite nanocrystal (PNC) synthesis.
Synthesis of Star-like Poly(tert-butyl acylate) Homopolymer (i.e., Star-like PtBA) Using 21Br-β-CD as Macroinitiator
Polymerization of tert-butyl acylate (tBA) was performed in a way similar to star-like P4VP. A mixture solution consisting of 21Br-β-CD (0.04 mmol), CuBr (0.84 mmol), PMDETA (1.68 mmol), anisole (40 mL), and tBA (40 mL) was undergone three freeze-pump-thaw cycles in a 350 mL ampoule to remove dissolved oxygen in solution and then placed in an oil bath preheated to 60C for desired time. The homopolymerization was stopped by quenching in liquid N2 and exposed to air. The resulting solution was diluted with chloroform and passed through an activated neutral alumina column to remove copper catalyst. The resulting solution was dried by rotary evaporation to remove excess tBA monomer and solvent. The raw product was re-dissolved in acetone and precipitated in cold methanol/water (a volume ratio of methanol/water = 1:1), yielding a white powder. The product was further purified by repeating the dissolution/precipitation process using acetone as a solvent and cold methanol/water as a precipitator to remove linear homopolymer PtBA generated as side product during the ATRP.
Synthesis of Azide-Functionalized Star-like Poly(tert-butyl acylate) (i.e., Star-like PtBA-N 3 ).
Synthesis of star-like PtBA-N3 was followed the similar procedure as that of star-like P4VP-bPtBA-N3. In-situ conversion of PtBA into PAA was catalyzed by TFA. Typically, 400 mg star-like PtBA-b-PEO was dissolved in 20 mL DCM, followed by addition of 1 mL TFA. The system was kept stirring at ambient temperature for 24 h before the solvent and the excess TFA were removed by rotary evaporation. The raw product was purified by washing with the mixture solution containing DCM/ethanol (the volume ratio of DCM/ethanol = 1:1), yielding a white product. The purified star-like PAA-b-PEO was stored at 0°C prior to PNCs synthesis.
Synthesis of Star-like Poly(tert-butyl acylate)-block-Polyethylene
Preparation of Methylammonium Halide (CH 3 NH 3 X, X=Br or I)
Methylammonium halide (CH3NH3X; MAX) was synthesized by reacting methylamine with the corresponding acid. First, methylamine in absolute ethanol was cooled to 0°C and stirred at this temperature with the addition of HBr or HI using a dropping funnel. The molar ratio of CH3NH2 to the corresponding acid is 1:1.2 for the complete consumption of CH3NH2. The mixture solution was kept stirring at 0°C for 2 h before the solvent was removed by rotary evaporation. The resulting product was recrystallized in ethanol twice and washed by anhydrous diethyl ether to yield white powder-like product. The residual solvent was removed by drying under vacuum prior to use.
Synthesis of Oleylamine and Oleic Acid-Co-Capped MAPbX 3 (X=Br or I) PNCs as Control
All octylamine-or oleic acid-capped MAPbX3 PNCs were prepared by the LARP method (8). In a typical synthesis of MAPbBr3 PNCs, a mixture solution containing MABr (0.16 mmol), PbBr2 (0.2 mmol), octylamine (20 uL), oleic acid (0.5 mL), and DMF (5 mL) was dropped into 10 mL toluene which was a poor solvent for organic-inorganic hybrid perovskite. Small short-chain ligandcapped MAPbBr3 PNCs were formed instantaneously with vigorous stirring, displaying a bright green color. The resulting PNCs were purified by centrifuge at 8500 rpm for 5 min. The supernatant was obtained, yielding a yellow-green solution with strong green emission. To maintain the colloidal stability of as-synthesized PNC solution, no further purification step was performed. To preserve the structural integrity of MAPbI3 PNCs without decomposition, the LARP procedure was conducted both in glove box and at ambient condition as control. The purification step was performed once and the resulting MAPbI3 PNCs colloidal solution was used as control.
Characterization
The molecular weight of hydrophobic star-like copolymers was measured by an agilent-1100 gel permeation chromatography (GPC) equipped with a G1362A refractive detector and a G1314A variable wavelength detector with one 5 μm LP gel column (500 Å, molecular range: 500 ~ 2×10 conducted using a DynaPro Nanostar (Wyatt Technology). For the purpose of accuracy, each dynamic light scattering measurement was performed under condition that a good correlation function was obtained. The X-ray diffraction (XRD) pattern was collected by a PANalytical X'Pert PRO X-ray diffractometer using Cu Kα1 radiation (λ=1.541 Å) operating at 40 kV and 40 mA. The morphology of MAPbBr3/SiO2 core/shell NCs was imaged using JEOL 100CX transmission electron microscopy (TEM) operating at 100 keV.
UV-Vis spectra were recorded by Shimadzu UV-Vis spectrophotometer (UV-2600) with slit width=5.0 nm. Photoluminescence (PL) spectra of PNCs solutions were collected using a Shimadzu RF-5301PC spectrofluorophotometer with the excitation wavelength of 380 nm. PL quantum yield was measured by using rhodamine 6G as a reference.
PL lifetimes of MAPbBr3 NC before and after the SiO2 coating were acquired by time-correlated single-photon counting technique (Hamamatsu, C10627). The excitation was provided by a femtosecond mode-locked Ti: sapphire laser (MAITAI XF-IMW) at 365 nm with an average power of 0.4mW. The time-resolved PL decay curves were fitted using a bi-exponential decay function: 
The photostability measurement of PS-capped MAPbBr3/SiO2 core/shell NC toluene solution was performed using all-transparent quartz cuvette with a total volume fixed at 1.5 mL. Prior to illumination, the colloidal solution was examined to ensure that the maximum of the PL intensity was below the highest value that the instrument can measure.
The UV light source employed in the photostability investigation was provided by UVGL-25 UV lamp with a 365-nm wavelength and power intensity of 720 µW/cm². The PS-capped MAPbBr3/SiO2 core/shell NC toluene solution was directly in contact with UV light source during the continuous illumination. The evaporation of toluene due to the heat generated by UV lamp was replenished to ensure the constant concentration of colloidal solution. Thus, the variation of PL intensity was independent on the solution concentration. The PL spectra of core/shell NC toluene solution after a 365-nm UV light illumination were recorded at a periodic interval. The moisture stability of PS-capped MAPbBr3/SiO2 core/shell NCs was measured in a similar way by which the colloidal toluene solution was intentionally exposed to a certain level of humidity under room light.
The PL spectra of the colloidal toluene solution were recorded. The photostability and moisture stability of thin film comprising PS-capped MAPbBr3/SiO2 core/shell NCs were measured in a similar way. The thin film was prepared by spin coating its toluene solution at 1600 rpm for 60 s. The bromination efficiency of hydroxyl groups was calculated based on the following equation
100%
where ET is the conversion efficiency of hydroxyl groups on β-CD; Ab and Aa are the integral area of the methyl protons of 21Br-β-CD and the integral area of the proton shown in fig. S1A, respectively. An ET value of 100% was obtained, indicating that hydroxyl groups were almost completely converted into bromoisobutyryl units. We noticed that common alcohols (e.g., isopropanol) used as precipitant for purifying PNCs synthesized by conventional method (i.e., LARP) tend to partially destroy the structural integrity of PNCs depending on the amount of precipitant used ( fig. S7 ). For instance, even the introduction of 10% butanol by volume into the purified PNCs colloidal solution is still sufficient to trigger a complete degradation ( fig. S7D ) due to the presence of hydroxyl groups of butanol, causing the loss of emission.
The presence of outer PEO blocks in star-like P4VP-b-PtBA-b-PEO triblock copolymer (or PAAb-PEO diblock copolymer) not only offers an excellent colloidal stability due to the intimate and permanent tethering to the surface of MAPbBr3/SiO2 core/shell NC (or MAPbI3 PNC), as a result of original covalent bonding between the PEO blocks and the star-like P4VP-b-PtBA (or the starlike PAA), but also for the first time enables the PNC purification using solely the nonpolar solvent (i.e., n-hexane as a precipitant in our study).
Our star-like block copolymer nanoreactor route capitalizes on n-hexane as a non-polar destabilizing solvent (i.e., function as a precipitant instead of a good solvent as in copious past work noted above) for PNCs, imparting excellent colloidal stability of the resulting PNCs and sustaining their structural integrity.
In addition, we monitored the absorption peak of MAPbI3 PNCs synthesized by the LARP method in glove box upon exposure to different alcohols by UV-Vis spectroscopy. Clearly, compared to MAPbBr3 PNCs ( fig. S7A-D) , MAPbI3 PNCs are much more unstable ( fig. S7E-H) as a trace amount of alcohol was able to induce complete decomposition, signifying that a more stringent purification step should be taken during the purification of iodine-containing PNCs. It is worth noting that even the addition of ACS grade acetone into MAPbI3 PNCs dispersed in toluene was sufficient to completely degrade PNCs, probably due to a trace amount of water in acetone, which transformed perovskite into white perovskite-water intermediate ( fig. S7H) . Nevertheless, owing to the intimate and permanent surface capping with PEO chains, PEO-capped PNCs flocculate in non-polar solvents (e.g., n-hexane). n-hexane with very low polarity and water content can be exploited as a precipitant, preserving the structural integrity of MAPbI3 PNCs during the purification process. 
